In this paper, Ta50-Zr50 and Ta45-Zr45-Nb10 alloys were compounded by casting. Quasi-static and dynamic compression tests were applied for both alloys, and also the role of Nb additive on the mechanical property of Zr-Ta alloy, was studied. The microstructure characterization demonstrated that both alloys had relative homogeneous structure with micro-laminate structure inside grains. The Nb additives increased the strength of the alloy by various strain rates, while the ductility of the alloys was decreased. The various parameters of constitutive equations for both alloys were obtained by fitting data. The constitutive equations are applied in theoretical models, the simulation software helps to predict the strength of alloy through various strain rates.
INTRODUCTION
Refractory metal alloy coatings, such as Ta-Ru and TaZr coatings, are widely applied as surface protection for high-temperature molding dies. Ta-Zr coatings are widely used to enhance the service lifetime of the die materials because of their high hardness, phase stability and oxidation resistance [1] [2] [3] [4] [5] . Extensive studies have been reported on producing Ta-Zr alloy films via coating technology, for instance, co-sputtering [1] , cocondensation [4] and ion beam mixing and [5] etc.
Extensive studies were conducted on mechanical property and oxidation behavior of Ta-Zr alloy films. An amorphous structure was obtained on a Ta-Zr alloy film, which was produced by co-sputting [1] . Results have shown that the hardness of Ta-Zr alloy film could be significantly improved to 13 GPa, after oxidation treatment at 873 K due to formation of ZrO2 phase [2] . A high hardness of 17 GPa was achieved on a Ta49-Zr51 alloy coating after annealing in a O 2 -N 2 atmosphere, which makes such alloy a favorable candidate coating for molding dies [3] .
Nevertheless, all previous studies have been focused on producing Ta-Zr alloy films with various coating technology, these Ta-Zr coatings have final thickness of less than 1 μm. The performance of Ta-Zr films could be limited due to their small thickness, especially in the work environment of molding dies. The difference of thermal property between Ta-Zr coating and substrate could lead to delamination or cracking of the coating after heating/cooling working cycle.
To date, there is no report on producing bulk Ta-Zr alloy via casting. This paper has aimed to investigate the mechanical property of a cast Ta-Zr alloy, especially the effect of Nb on the mechanical property of the Ta-Zr alloys.
EXPERIMENTS
The Ta-Zr and Ta-Zr-Nb alloy were produced by melting the pure elements together under a purified Ar atmosphere.
Samples for microstructure observation were polished by abrasive papers to 1600 grit, then to 1 µm using a diamond suspension, detached by using a solution of [6] [7] [8] [9] [10] . The experimental device is mainly composed of the loading device, some of the bars and the data acquisition system [11, 12] . Cylindrical specimen (∅6×3 mm) has been machined for dynamic compression tests. The dynamic compression tests have been conducted at the average strain rates from 500 to 3000 s −1 . Fig. 1 shows the microstructure of Ta-Zr and Ta-ZrNb alloys. As shown in Fig. 1 , the mean grain size of alloy is between 40 and 50 μm. Due to the low solubility of Ta and Zr, the two elements formed micro-laminate structure inside grains, the space among laminar was around several tens of nanometers, which indicated that the Ta and Zr elements have been homogeneously distributed inside each grain of the alloy. The microstructure of the Ta-Zr and TaZr-Nb alloys is different from those films produced via coating technology. Such laminate structure inside large grains was formed during solidification, while the coating technology tends to form packed pure metal layers or amorphous structures [1] [2] [3] [4] [5] . Fig. 2 shows the compression engineering stress-strain and corresponding true stress-strain curves of the Ta-Zr and Ta-Zr-Nb alloy. The yield stress, ultimate compression stress, and elongation to failure of Ta50-Zr50 alloy is around 900 MPa, 1800 MPa and 35%, respectively. The yield stress, ultimate compression stress, and elongation to failure of Ta45-Zr45-Nb10 alloy is around 1000 MPa, 1600 MPa and 17%, respectively. It is obvious that as the Nb elements were added into the alloy, the yield strength of the alloy has improved while the ductility of the alloy has reduced remarkably.
RESULTS
The strain in the SHPB testing was measured by a strain gauge. The strain gage signal has been adjusted by a Wheatstone bridge and amplified by an amplifier to obtain the final voltage signal. Based on the recorded incident reflection and transmission curve, the true strain, stress rate are calculated. Fig. 3(a) shows the voltage signal on the strain gauge collected by the oscilloscope during the SHPB test, the result shows that the intensity of transmitted and reflected waves increases with the accelerating of the impact velocity. According to Fig. 3(a) , the wave pattern exhibits good regularity and achieves constant strain rate loading. Compared with the quasi-static test results, the dynamic yield stress is higher than the yield stress of the quasi-static test, as shown in Fig. 3(b) . The enhancement effect of strain rate is not obvious with the increase of strain rate. As the strain rate increases, the plastic stage of the material becomes longer, fracture occurs when plastic deformation reaches a certain value [6] [7] [8] . Fig. 4 (a) shows the voltage signal on the strain gauge collected by the oscilloscope during the SHPB test of Ta45-Zr45-Nb10, and the figure 4(b) is the stress-strain curve of Ta45-Zr45-Nb10 alloy at different strain rates. Compared with Ta50-Zr50, the yield strength of Ta45-Zr45-Nb10 is higher, while plasticity is not as good as that of Ta50-Zr50. The dynamic yield strength of Ta45-Zr45-Nb10 is significantly higher than that of static yield strength. As the strain rate increases, fracture of Ta45-Zr45-Nb10 will occur. The Ta50-Zr50 alloy is under plastic deformation under a similar strain rate. 
DISCUSSION
The constitutive models proposed by Zerilli and Armstrong (Z-A), Johnson and Cook (J-C), Steinberg et al. (S-G) refer to the mathematical model of the macroscopic mechanical properties of materials [13] [14] [15] . The J-C model shows acceptable accuracy to describe the dynamic mechanical behavior of pure tantalum and tantalum alloys [16, 17] . The J-C strength model is an empirical model, which contains the effects of strain, strain rate, and temperature on the dynamic mechanical behavior of materials: Under the reference strain rate and the reference temperature, the initial yield stress A, the hardening modulus B and the hardening exponent n can be obtained by the quasi-static experiment. In order to determine the temperature softening coefficient m, the stress curves under the same strain rate under the Hopkinson bar experiment and the quasi-static strain rate can be used, and a number of experimental data of dynamic mechanics can obtain the parameter C.
In this paper, under the condition of room temperature and strain rate of 757 s , the true stress-strain curve obtained in the quasi-static compression experiment is used, and the J-C strength constitutive model can be simplified as follows:
For Ta50-Zr50 alloy, when the strain is 0.5%, the stress corresponding to the curve is approximately the yield strength of the material, and the A = 0.5σ = 880.89269 MPa can be determined from Fig. 2 .
The σ-ε curve is converted into a ln(σ − 880.89269) − ln(ε) curve by Origin software, the intercept of the curve is ln(B) and the slope is n, thus the value of B and N is determined.
The fitting of parameter n and B is shown in Fig. 5(a) , the fitting curve is close to the experimental data. Tab. 1 shows that the fitting parameters, fitting correlation coefficients, and the fitting correlation coefficients are close to 1.
Therefore, it can be obtained that B = e 6.17949 = 482.74569 MPa, n = 0.50159.
The stress-strain relationship of Ta50-Zr50 at room temperature can be obtained by substituting A, B and n into Eq. (2) 
Figure 6
The experimental and fitting results of parameters C of Ta50-Zr50
The constitutive equations of both alloys are shown in Eq. (5) and Eq. (6), which can be applied in theoretical models and simulation software to predict the strength of alloy under various stain rates. 
CONCLUSION
Ta-Zr and Ta-Zr-Nb bulk alloy is obtained via casting for the first time. Quasi-static and dynamic compression tests were applied on a Ta50-Zr50 and Ta45-Zr45-Nb10 alloy. The conclusions are as follows:
1. Both alloys showed relative homogeneous structure with micro-laminate structure inside grains.
2. The Nb additives increased the yield strength of the alloy under various strain rates, while the ductility of the alloys was decreased.
3. The constitutive equations obtained for both alloys can be applicable in theoretical models and simulation software to predict the strength of alloy under various stain rate.
